Most neonates admitted to a neonatal intensive care unit (NICU) are born at gestational age (GA) of 34 weeks or more. The degree of uniformity of admission criteria for these infants is unclear, particularly at the low-acuity end of the range of conditions warranting admission.
N ewborns in the United States at all birthweights are increasingly likely to be admitted to a neonatal intensive care unit (NICU). 1 Recent work has raised questions about the uniformity of criteria for admission to a NICU and possible overuse of neonatal intensive care for some newborns. 1, 2 The American Academy of Pediatrics designates 4 levels of care for neonates. 3 Level I nurseries care for well newborns.
Level II facilities are variously called intermediate care nurseries, special care nurseries, or level II NICUs and provide care to neonates with noncritical illness and support needs. Levels III and IV facilities care for neonates with progressively greater degrees of illness and support needs, along with neonates with lower acuity of illness. A population-based time-trend analysis of admission rates to level III and IV NICUs showed a substantial increase between 2007 and 2012 in NICU admission rates after adjustment for maternal and newborn characteristics. 1 More than half of admitted newborns were at least 2500 g birthweight; NICU admissions were increasingly likely to be full term and normal birthweight. 1 The causes of the patterns are unclear. In addition, little is known about whether or how a facility's level of care influences inborn admission rates. For some neonates, birthweight or gestational age (GA) can be a noncontroversial proxy measure identifying care needs beyond the capability of a level I nursery. For example, even without coexisting pathophysiology, all infants born at a GA below 34 weeks require monitoring and support solely due to their developmental immaturity. Thus, it may be generalized that neonates delivered under medical supervision at less than 34 weeks' GA are admitted to a NICU.
For neonates born at GA of 34 weeks or more, the degree of uniformity of NICU admission criteria is unclear. More precisely, information is lacking about the low-acuity end of the range of conditions considered to warrant neonatal intensive care. This information gap matters because NICU care is costly, stressful, and entails risk of iatrogenesis. [4] [5] [6] [7] [8] When considering health care for adults, laypersons and professionals alike have often assumed that more care is better. 9 However, the evidence indicates no such clear relationship 10, 11 ; the perinatal and pediatric contexts merit similar scrutiny.
Our group recently found 40-fold variation in NICU antibiotic prescribing practice across 127 NICUs with similar burdens of proven infection and other factors unambiguously warranting antibiotic exposure. 12 This evidence that a considerable portion of antibiotic use lacks clear warrant invites similar investigation of the broader justification for NICU resource use. To explore whether practice variation exists for NICU admission of neonates born at GA of 34 weeks or more, we measured GA-stratified inborn NICU admission rates and examined associations with high illness acuity, designated NICU level of care, and overall inborn NICU admission rate. We hypothesized that inborn admission rates would correlate positively with the percentage of high illness acuity admissions.
Methods
California Children's Services (CCS), within the California Department of Health Care Services, confers state approval for 3 levels of NICU care: regional, community, and intermediate, 13 generally corresponding to American Academy of Pediatrics levels IV, III, and II, respectively.
The CCS standards include a requirement for annual data reporting of specific variables. All CCS-approved NICUs submit their data to the California Perinatal Quality Care Collaborative (CPQCC), 14 which prepares an annual report for each NICU and submits an aggregate data set to the CCS. The CPQCC collects clinical data prospectively by using an expanded version of the Vermont Oxford Data set 15 (Table) .
The 122 180 California live births (24.9% of total) born at the 90 hospitals known to the Department of Health Care Services and not reporting to the CPQCC include neonates subsequently transferred to CPQCC NICUs (outborn admissions, excluded from this study) or admitted to 1 of 14 NICUs at these 90 hospitals. We conducted the study analysis using the CPQCC/CCS data set for calendar year 2015. This study was approved by the Stanford University Institutional Review Board. The data set contained no individual patient identifiers, so informed consent was waived.
Study Population
All infants born at the sampled hospitals (accounting for 369 307 of the 491 487 total live births in California during the study period) with reported GA of 34 weeks or longer were included in the analysis. The Table describes the sampling from the overall California birth cohort.
Study Variable Definitions
Inborn admission rate is the percentage of all live births at a hospital who were admitted to the NICU. The rate is computed by counting in the numerator the number of live births at a hospital who were admitted to the NICU and in the denominator the total number of live births at the hospital. We express this proportion as a percent value. The corresponding GA-stratified inborn admission rate is computed similarly, using numerator Meaning High illness acuity fails to explain the variation in inborn admission rates for neonates born at 34 weeks' gestation or more; 88.0% of these admissions do not meet high illness acuity criteria.
and denominator counts of live births within the following strata: 34 to 36 weeks, 37 to 38 weeks, and 39 weeks or more. The CPQCC high illness acuity admission percentage is the percentage of all inborn admissions for a particular GA stratum that meet CPQCC criteria for high acuity of illness. Although all infants of 1500 g or less birthweight are described in detail in the overarching CPQCC/CCS database (ie, all such infants are considered to have high acuity of illness), infants weighing more than 1500 g only are described with comparable detail in the database if they have 1 or more explicit high illness acuity criteria. In either case, all such information is derived by primary data collection from the medical record. Infants with more than 1500 g birthweight who do not meet high illness acuity criteria are represented in the database only in each facility's count of live births and NICU admissions. For the present study, high illness acuity admissions were GA of 34 weeks or more and met at least 1 of the following criteria: 1. Death, 2. Intubated-or nonintubated-assisted ventilation for 4 hours or more, 3. Early bacterial sepsis, 4. Major surgery requiring anesthesia, 5. Acute transport out of the NICU, 6. Suspected encephalopathy or suspected perinatal asphyxia, and 7. Active therapeutic hypothermia.
Among the 135 reporting hospitals, it was not possible to compute an inborn CPQCC admission percentage for 13 of the facilities: 1 did not report this variable and 12 were selfdesignated freestanding NICUs whose overarching organization did not include a maternal delivery service. For 8 of these hospitals, however, data quantifying the birth service population-located in the same building as the NICU-were available and used to compute inborn admission rates.
Statistical Analysis
The unit of observation and unit of analysis was the individual NICU. The primary outcome was inborn admission rate. Before the study began, we hypothesized that inborn admission rates would correlate positively with percentage of high illness acuity admissions and with NICU level of care. We examined, as a post hoc comparison, correlation between inborn admission rate for specific GA strata with overall inborn admission rate for all other GA strata (including GA<34 weeks but excluding those in the stratum of interest).
We estimated the magnitude of linear correlation by Spearman rank correlation. To compare high illness acuity admission percentage across designated NICU levels of care we used the nonparametric Kruskal-Wallis equality-of-populations rank test. Hypothesis tests were 2-sided with level of significance at P ≤ .05. We used Stata, version 14 (StataCorp) 19 for all computations and graphic displays.
Results
Our data set reported on care exposures for 369 307 of the 491 487 live births in California (Table) . Of the 130 birth hospitals, 18 were regional-level NICUs, 82 were communitylevel NICUs, 14 were intermediate-level NICUs, and 16 were non-CCS-approved NICUs. Inborn NICU service population births ranged from 606 to 9679 (median, 2500; mean, 2738). Of the total live births on which we had data, 358 453 (97.1%) infants were born at a GA of 34 weeks or more. Of these infants, 35 921 (10.0%) were admitted to a NICU and accounted for 79.2% of all 45 334 inborn NICU admissions at all GAs. Of inborn NICU admissions at a GA of 34 weeks or more, only 4260 (11.9%) infants met the criteria for a high illness acuity (CPQCC) admission.
As shown in Figure 1 , inborn admission rates for neonates born at a GA of 34 weeks or more varied 34-fold across NICUs, from 1.1% to 37.7% of births (median, 9.7%; mean [SD], 10.6% [5.8%]). The distribution of values was similar to that for overall inborn admission rates of all GAs. Among the 8 extreme high outlier values for inborn admission rate for neonates at a GA of 34 weeks or more, only 4 represented regionallevel NICUs.
The percentage of admissions born at a GA of 34 weeks or more that met high illness acuity (CPQCC) criteria varied 40-fold across NICUs, from 2.4% to 95.0% (median, 11.3%; mean, 13.2% [9.9%]) (Figure 2) . The Kruskal-Wallis test indicated no significant differences across levels of care. There was an inverse correlation between inborn admission rate and the percent of high-acuity (CPQCC) admissions (Spearman ρ = −0.3034, P < .001). Stratifying this association by NICU level of care (Figure 3 Figure 4 shows that inborn admission rates for specific GA strata correlated strongly with overall inborn admission rates for all other GA strata (including GA<34 weeks but excluding those in the stratum of interest): for 34 to 36 weeks, ρ = 0.61, P < .001; for 37 to 38 weeks, ρ = 0.78, P < .001; and for 39 weeks and greater, ρ = 0.68, P < .001. Except as shown, stratification of analytical questions by NICU level of care did not alter the main inferences.
Discussion
For the service population of neonates born at a GA of 34 weeks or more, NICUs vary 34-fold in their reported inborn admission rates and 40-fold in reported percentage of high illness acuity. As is apparent in Figure 2 , at all levels of careincluding regional NICUs-typically fewer than 20% of admissions are characterized by high illness acuity. Considering that neonates at a GA of 34 weeks or greater account for 79.2% of all inborn NICU admissions and, overall, only 11.9% of these are characterized by high illness acuity, 88.0% of inborn NICU admissions at 34 weeks' gestation or greater and 70.0% of all inborn NICU admissions are not characterized by high illness acuity.
Although we hypothesized that inborn admission rates would correlate positively with high illness acuity, we found an inverse association. That is, in hospitals with relatively higher admission rates, the percentage of these admissions with high illness acuity tends to be relatively low. In hospitals with relatively lower admission rates the percentage of these admissions with high illness acuity tends to be relatively high. In addition, a hospital's inborn admission rate for a GA substratum strongly and positively correlates with its overall inborn admission rate for all other GA strata. That is, a NICU's inborn admission rate for a GA substratum accurately predicts its inborn admission rate for neonates in all other GA strata.
If level of NICU care and a service population with correspondingly high illness acuity largely explain higher inborn admission rates, then regional NICUs (and plausibly, many community-level NICUs) should show a strong positive correlation between these factors. However, this is not the case. Many NICUs with high inborn admission rates were not regionallevel NICUs and were not serving populations with burdens of high illness acuity. Hence, if the wide variation in inborn admission rates is not explained by a high burden of illness acuity-especially for regional-level NICUs-then what factors drive most of these NICU admissions?
The CPQCC high illness acuity criteria do not identify all newborns with high medical needs. Examples of such excluded circumstances include some congenital cardiac anomalies, dysmorphic conditions, seizures, and some cases of neonatal abstinence syndrome. In addition, it is well known that NICUs often serve functions other than provision of critical or intensive care. It has been estimated that between 4% and 8% of newborns experience difficulties of perinatal transition that may last only hours but require evaluation and observation not available in the well-baby area of a hospital. 20 The present study is unable substantially to explain the wide variation in NICU resource use, the absence of a positive correlation between NICU use and high illness acuity, and the strong positive correlation between a NICU's inborn admission rate for a GA substratum and its inborn admission rate for neonates in all other GA strata. However, the findings are consistent with others 1 that have raised concerns for supply-sensitive care. 21, 22 Supply-sensitive care has little evidence base; instead, it reflects available service capacity and payment systems that incentivize service provision. 22 In this circumstance, availability of NICU beds becomes a determinant of NICU care. To promote access to NICU care at the maternal delivery facility and ongoing care close to home, increasing numbers of NICUs have been established, a phenomenon sometimes referred to as "deregionalization." 23, 24 For such units to remain in service, they must stay busy enough to pay for their costs. 2 NICUs often are important contributors to a hospital's overall financial balance. 2 To this point, recent work using data from California and New York finds that an additional empty NICU bed the day before an infant's birth increases the probability that the infant will be admitted to the NICU, particularly for infants of higher birthweight. 25 NICU discharge also correlates with bed availability. 26 The ability to predict from a NICU's admission rate for a GA substratum of the study population, the inborn admission rate for neonates of all other GAs-and the negative correlation of inborn admission rate with percent of high illness acuity-raises concern regarding the degree of NICU resource use that may be considered discretionary. It is unclear what decision rules guide admission for neonates without high illness acuity and the degree to which such rules vary across NICUs.
We emphasize that available data do not demonstrate clear overuse of NICU services. However, our findings identify the need for future investigation to clarify the lower- acuity end of the range of conditions considered to warrant neonatal intensive care. It may be preferable to manage some of these conditions in a transitional nursery facility that provides the evaluation and monitoring needed in the first few hours of life.
Limitations
A main limitation of this study is the inability to discriminate whether the observed wide variation in admission rates primarily reflects discretionary practice variation or clinically significant unmeasured case mix differences. This inability results from limited information currently collected for databases on NICU admissions that do not meet high illness acuity criteria. It is understandable that the focus of NICU-level data collection to date has been on infants who meet high illness acuity criteria. However, our study reveals important knowledge gaps regarding NICU resource use for 70% of all inborn NICU admissions. Data elements, such as admitting diagnoses and length of NICU stay (and from this, aggregate NICU patient days), could help discriminate discretionary practice variation from clinically significant case mix differences among NICUs, as well as characterize the proportion of all NICU patient days accounted for by this large patient subgroup. Another limitation relates to our hospital sample describing inborn NICU admission for 75% of all California live births and 93% of California NICUs. Among the other 25% of live births, infants admitted to any of the 7% of California NICUs that did not report to the CPQCC/CCS are not represented in this study. All other NICU admissions from this subgroup are described in the outborn NICU admission portion of the CPQCC/CCS database. Any unknown biases that may operate at nonreporting facilities thus affect a small proportion of the overall service population. Since California provides substantial NICU regulatory oversight and guidance, particularly via CCS and CPQCC, it is possible that our findings underestimate the range of practice variation in less-regulated areas. In addition, the CPQCC/CCS data set comprises self-reported data for which a comprehensive audit of accuracy and completeness is not feasible. Our findings are consistent, however, with a 2011 report from the March of Dimes on NICU admissions for 183 030 newborns.
27
This study also assumes that the number of neonates with high acuity illness in California not admitted to a NICU is negligible; data to answer the question are not readily available.
Conclusions
Our study of inborn NICU admissions for neonates born at a GA of 34 weeks or more found that this subpopulation accounts for 79.2% of all inborn NICU admissions and that reported inborn admission rates vary 34-fold across NICUs. This wide variation is unexplained by the reported percentage of admissions with high illness acuity, comprising only 11.9% of inborn NICU admissions born at a GA of 34 weeks or more. Requisite data are currently unavailable to discriminate whether the observed wide variation in admission rates primarily reflects discretionary practice variation or clinically significant unmeasured case mix differences. The paucity of NICU database elements describing 70% of all inborn NICU admissions suggests that such information has been assumed to be not worth the collection effort. Our findings indicate that this assumption merits further consideration. Correlation of a particular GA stratum and overall inborn admission rate for all infants not of that GA stratum for GA of 34 to 36 weeks (A), 37 to 38 weeks (B), and 39 weeks or more (C).
